Abstract. Previous studies have suggested that low-grade systemic inflammation is involved in the pathogenesis of type 2 diabetes mellitus. However, limited information is available about the relationship of diabetes mellitus and inflammation in Asia. We examined the association between high-sensitivity C-reactive protein (CRP) levels and diabetes in a general Iranian population. In an ancillary study to the Persian Gulf Healthy Heart Study, a cohort study of men and women aged ≥25 years, a random sample of 1754 (49.2 percent males, 50.8 percent females) subjects were evaluated. High sensitivity C-reactive protein was measured by enzyme-linked immunosorbent assay. Elevated serum CRP was defined as more than 3.0 mg/l. The diabetes classification was based on the criteria of the American Diabetes Association. A total of 8.6 percent of the subjects (8.0 percent of males & 9.1 percent of females; p>0.05) had type 2 diabetes mellitus. Geometric mean of CRP was 1.94 mg/l (3.80 SD) in the studied population. The subjects with diabetes had a higher geometric mean of CRP levels than the subjects with no diabetes [3.67 (SD 3.71) versus 1.85 (3.83) respectively; p<0.0001)]. In multiple logistic regression analysis, diabetes showed a significant age-adjusted association with elevated CRP levels [Odds Ratio = 2.03, Confidence Interval (1.38-2.98); p<0.0001] after adjusting for sex, LDL-cholesterol, HDL-cholesterol blood pressure, smoking and body mass index. In conclusion, beyond traditional cardiovascular risk factors, elevated CRP is significantly correlated with diabetes in general population of the northern Persian Gulf. Further insight into the specific effects of proinflammatory cytokines and acute-phase proteins will be essential for the development of new preventive strategies for diabetes mellitus.
DESPITE more than 100 million patients affected worldwide and a dramatic socioeconomic burden due to vascular complications, the etiology of type 2 diabetes is not yet completely understood. It has been hypothesized that type 2 diabetes is a manifestation of an ongoing acute-phase response that is primarily characterized by alterations of the so-called acute-phase proteins, such as C-reactive protein (CRP) [1, 2] .
Cross-sectional studies have shown that elevated CRP levels correlate significantly with features of the metabolic syndrome, including indexes of adiposity, hyperinsulinemia and insulin sensitivity index, hypertriglyceridemia, and low HDL cholesterol [3] [4] [5] . Recently, it was shown that high sensitivity CRP inversely correlated with adiponectin in apparently healthy Japanese men [6] . Prospective studies have also shown that CRP is associated with the risk of diabetes [7] .
Numerous studies from various parts of the world have clearly established that CRP predicts future risk for cardiovascular diseases in apparently healthy persons, independent of established risk factors in the majority of studies [8] . In the studies to date, CRP has been shown to predict myocardial infarction, coronary artery disease (CAD) death, stroke, peripheral arterial disease, sudden death, etc [9] . Thus, the Centers for Disease Control and the American Heart Association have issued a statement recommending that patients at intermediate risk of CAD might benefit from measurement of CRP [10] .
Patients with type 2 diabetes have a markedly increased atherosclerotic risk. Although this increased risk has previously been attributed mainly to hyperglycemia, dyslipidemia, and a prothrombotic state, recent observations in apparently healthy individuals have focused attention on inflammatory mechanisms that may be relevant in patients with diabetes as well [11] . High plasma levels of CRP were associated with an increased risk of incident cardiovascular events among diabetic men, independent of currently established lifestyle risk factors, blood lipids, and glycemic control [12] .
Recently, we showed that beyond traditional cardiovascular risk factors, concomitant chronic infection and elevated CRP are significantly correlated with coronary artery disease in the general population [13] . However, data on CRP and diabetes are limited in Asia [14, 15] . Thus, we examined the relationship of preexisting type 2 diabetes with elevated CRP in a population-representative sample of Iranian adults in the northern Persian Gulf region.
Methods

Community sampling and baseline examinations
The Persian Gulf Healthy Heart Study was designed to determine the risk factors for cardiovascular diseases among the northern Persian Gulf population (Bushehr and Hormozgan Provinces) and to develop communitybased interventional projects to change the lifestyles of the population and to present the rising threat of CVD in the region. In phase I of the study, a multiple-stage stratified cluster random sampling technique was used to select 3000 people aged ≥25 years from major ports of Bushehr Province (an Iranian province with the greatest boarder with the Persian Gulf). The studied ports of the northern Persian Gulf were Bushehr Port, Genaveh and Deilam Ports. Specifications dictated that approximately two persons per selected household could be included in phase I cross-sectional survey. Publicity concerning the study appeared in the local newspapers and on the TV. The selected ≥25 years of households were informed about the study through a letter given door-to-door by the survey groups. After a primary education about CVD and its associated risk factors, they were invited to participate in the screening program in a 12-14-h fasting state in the following morning to one of local health services center belonging to Bushehr University of Medical Science.
In an ancillary study to the Persian Gulf Healthy Heart Study, we investigated the correlation between diabetes and elevated C-reactive protein (CRP) in 1754 participants. Examinations were conducted in 2003-2004. Blood pressure was assessed twice at the right arm after a 15-min rest in the sitting position, using a standard mercury sphygmomanometer. Height and weight were measured using a stadiometer. Heavy outer garments and shoes were removed before measuring height and weight. Body Mass Index (BMI) was calculated.
Hypertension was defined according to the WHO criteria (systolic blood pressure >=140 mmHg, diastolic blood pressure >=90 mmHg, or use of antihypertensive medication).
Smoking was considered to be present when the subject smoked cigarette or using of hubble-bubble in a regular daily fashion. Obesity was defined with BMI >=30; for anthropometric evaluations [16] .
Biochemical measurements
A fasting blood sample was taken, all samples were promptly centrifuged, separated and analyses were carried out at the Persian Gulf Health Research Center on the day of blood collection using a Selectra 2 autoanalyzer (Vital Scientific, Spankeren, The Netherlands). Glucose was assayed by enzymatic (glucose oxidase) colorimetric method using a commercial kit (Pars Azmun Inc; Tehran, Iran). Serum total cholesterol and HDL-cholesterol were measured using a cholesterol oxidase phenol aminoantipyrine and triglycerides using a glycerol-3 phosphate oxidase phenol aminoantipyrine enzymatic method. Serum LDL-cholesterol was calculated using the Friedwald formula; LDL-cholesterol was not calculated when triglycerides concentration was >400 mg/dl.
By the ADA criteria, an fasting plasma glucose of 126 mg/dl or greater or use of anti-diabetic measures was defined as diabetes [17] .
The cut-points of serum total cholesterol (TC), HDL and LDL Cholesterol (LDL-C) and serum triglycerides (TG) distributions used to assign subjects at different levels of risk were those derived from the NCEP guidelines in the United States (Adult Treatment Panel III), September 2002 [18] .
Measurement of CRP by a high-sensitivity CRP assay, CRP HS ELISA (DRG International, Inc. USA) was done. The minimum detectable concentration of the CRP HS ELISA was estimated to be 0.1 mg/l. Additionally, the functional sensitivity was determined to be 0.1 mg/l (as determined with inter-assay %C.V.<20%). Elevated serum CRP was defined as more than 3.0 mg/l.
Statistical Methods
The significance of the difference in the results of any two groups was determined by chi-square analysis using 2 × 2 contingency tables. A two-tailed t-test was used to compare the mean values across groups.
We found that log transformation of CRP gave a better fit to a Gaussian distribution. The geometric mean for CRP was defined as the arithmetic mean of the log-transformed data +/-2 SD, raised to the power of 10. Multiple logistic regression analysis was used to ascertain the associations between diabetes and elevated CRP levels. Sex, age, smoking, LDL-cholesterol, HDL-cholesterol, hypertension, BMI, and elevated CRP (>3 mg/l) were considered as covariates, and diabetes also as the dependent variable. P<0.05 was considered statistically significant. Statistical analysis was performed with an IBM computer using the SPSS 9.05 statistical software package (SPSS Inc., Chicago, IL).
Results
A total of 1754 (49.2% males, 50.8% females) of the studied population were evaluated for associations of type 2 diabetes and serum levels of CRP.
An estimated 25.9% of the population was obese, 18.3% were smoker, 26.3% had hypertension, and 22.1% and 47.7% had high total cholesterol and low HDL-cholesterol levels, respectively. A total of 8.6% of the subjects (8.0% of males & 9.1% of females; p>0.05) had type 2 diabetes mellitus (ADA criteria).
Clinical characteristics, laboratory values and CRP levels in persons with and without diabetes were presented in Table 1 . The geometric mean of CRP was 1.94 mg/l (3.80 SD) in the studied population. CRP levels were higher in women (geometric mean = 2.29 mg/l) than men (geometric mean = 1.62 mg/l), (p<0.0001). The subjects with diabetes had a higher geometric mean of CRP levels than the subjects without diabetes [3.67 (SD 3.71) versus 1.85 (3.83) respectively; p<0.0001)] (Table 1 ). There was a significant correlation between elevated CRP and obesity [OR = 2.83, C.I (2.24-3.56); p<0.0001]. Table 2 shows age-adjusted odds ratios (95% C.I) between diabetes, cardiovascular risk factors, and elevated CRP levels (CRP>=3 mg/l).
In multiple logistic regression analysis, diabetes showed a significant association with elevated CRP levels [OR = 2.76, C.I (1.93 -3.94); p<0.0001] after adjusting for sex and age. The diabetes showed also a significant age-adjusted association with elevated CRP levels [OR = 2.03, C.I (1.38-2.98); p<0.0001] after adjusting for sex, LDL-cholesterol, HDL-cholesterol, blood pressure, smoking and BMI (Table 2) .
Discussion
In the current study, we found that among the northern Persian Gulf adults, there was a highly significant association between type 2 diabetes and elevated CRP.
These data are compatible with the hypothesis that a subclinical inflammatory reaction may have a role in the pathogenesis of type 2 diabetes in Iranian adults in the northern Persian Gulf region.
CRP is produced by hepatocytes, and its gene expression is regulated by tumor necrosis factor-α and interleukin-6, which are secreted by adipocytes [19] . As a result, obese individuals who have more and larger adipocytes also have higher baseline serum CRP. Because diabetes is more common in obese individuals, an association is expected between serum CRP and diabetes. However, some studies found that obesity dose not explain the association of CRP with diabetes completely, suggesting an independent role for CRP in the development of diabetes [20] [21] [22] . The association of diabetes and elevated CRP remained in the study population after adjustment for obesity, blood pressure and cholesterol in a logistic regression model. We adjusted for the latter variables as surrogates of the metabolic syndrome, which could confound the association.
The CHS (Cardiovascular Heart Study), the Women's Health Study, the West of Scotland Coronary Prevention Study, the NHS (Nurses' Health Study) and the Rotterdam Study showed significant associations between CRP and incident diabetes, even after adjustment for obesity indices [7, 20, [21] [22] [23] . In contrast, the ARIC (Atherosclerosis Risk in Communities Study), the Monitoring of Trends and Determinants in Cardiovascular Diseases (MONICA)-Augsburg Cohort Study, and the IRAS (Insulin Resistance Atherosclerosis Study) showed no significant associations after adjustment for obesity indices [3, 22, 24] . There is a limited data about association of CRP and diabetes in Asian counties. In the general Japanese population, elevated CRP concentration was a significant predictor of diabetes, independent of obesity and insulin resistance [15] . In another study, CRP independently predicted the risk of remaining in impaired glucose tolerance (IGT) or progressing to diabetes in Chinese subjects with IGT [14] .
Our finding adds to the growing body of evidence implicating low-grade inflammation as a potential dynamic in the pathogenesis of type 2 diabetes. Potential mechanisms for this relationship may be direct or indirect. For example, cytokines such as elevated levels of IL-6, which is known to be a main stimulator of the production of most acute-phase proteins, were shown to increase the risk of diabetes [23] . However, in addition to IL-6, other cytokines, such as interleukin (IL)-1β of tumor necrosis factor-α (TNF-α), are central mediators of inflammatory reactions. Tumor necrosis factor (TNF)-α may produce insulin resistance by influencing the function of the insulin receptor [25] or by stimulating adipocyte lipolysis [26, 27] . It is well known that cytokines operate as a network in stimulating the production of acute-phase proteins. In particular, a combined elevation of IL-1β and IL-6, rather than the isolated elevation of IL-6 alone, independently increases the risk of type 2 diabetes [28] . Alternatively, endothelial dysfunction may link inflammation to insulin resistance [29, 30] . Some others explained the association through oxidative stress or innate immune system [23, 31] . However, further studies are necessary to find a reasonable mechanism. In addition, recent findings suggest that inflammation might not only play a possible role in diabetogenesis but also in hyperglycemia after diabetes has been established [32] .Tan and et al. [14] have shown that in their cohort of IGT subjects, plasma CRP level was also a useful predictor. Those IGT subjects with plasma CRP levels in the top two quartiles had approximately three times the risk of either remaining in IGT or progressing to diabetes compared with those subjects with plasma CRP in the lowest quartile [14] .
Strength of the present study is our general population sample, allowing generalization to the northern Persian Gulf population. However, several limitations of our study should be discussed. The primary limitation is that the participants were not uniformly screened for glucose intolerance; some cases of diabetes may have been undiagnosed. Therefore, we may not have fully captured the effects of inflammation in the postprandial period. If so, our findings may underestimate the strength of the true associations. A secondary limitation is that misclassification of exposure cannot be excluded since only one blood sample was taken for each participant for CRP testing. Even the baseline CRP value measured when the participant was free from acute infections might still not represent the usual CRP level during the long-term follow-up period due to within-person variability. This bias, referred to as regression dilution bias, could have also biased our findings.
In conclusion, we report a positive association between elevated CRP levels and diabetes which suggests a role for inflammation in the etiology of type 2 diabetes mellitus in the northern Persian Gulf population. The association was independent of established risk factors for diabetes. Further insight into the mechanisms involved in the etiology of diabetes and the specific effects of proinflammatory cytokines and acute-phase proteins will be essential for the development of new preventive strategies for diabetes mellitus.
